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Two groups of patients were identified. Group A were young fit subjects with disease confined to the apex of the lung. Group B were older subjects with overt, often widespread pulmonary disease.
In the first group of young fit patients, early wedge resection was advised for patients at greatest risk of recurrence-those who had suffered a previous pneumothorax and those in whom the leak had persisted for more than 48 hours. Limited wedge resection removes the whole of the diseased tissue, leaves normal lung uncompromised, and is uniformly successful.
In the group of older patients, extensive disease precludes the use of the same safe and effective treatment. For this reason tube drainage was frequently continued for up to 14 days. Failure of treatment by tube drainage was treated by excision of bullae in those patients who were fit for thoracotomy, and by pleurodesis in the remainder.
Intercostal tube drainage alone was successful in 77 " of group A patients and in 52'5 % of group B patients so treated. With planned management as recommended, 95 % of group A and 87 % of group B patients were either cured by tube drainage alone or treated definitively and lastingly during their first admission to hospital. Spontaneous pneumothorax is treated by a variety of methods. Some clinicians manage spontaneous pneumothorax by observation alone and await re-expansion of the lung (Hyde, 1962) ; others treat by thoracentesis (Carr, Silver, and Ellis, 1963) . Tube thoracostomy is favoured by some (Wolcott, Shaver, and Jennings, 1963) , chemical pleurodesis (Sengupta, 1963) and pleurectomy (Saha, 1964) by others. Thoracotomy and surgical excision of bullae is practised (MacQuigg, 1955) and even bilateral thoracotomy has been recommended on the basis of the expected occurrence of lesions in the contralateral lung (Baronofsky et al., 1957 a system of management which takes into account the likelihood of recurrence. The recurrence rate is affected by a number of factors. It is contingent upon the nature of treatment used; Killen and Gobbel (1968) tabulate results from a number of sources and show that in all types of pneumothorax, tube thoracostomy is followed by a lower recurrence rate (16%) than observation or thoracentesis alone (26%). There is evidence that in patients with primary spontaneous pneumothorax a higher recurrence rate can be expected in those who have suffered one or more previous episodes than in patients experiencing their first pneumothorax (Gobbel, Rhea, Nelson, and Daniel, 1963 (Killen and Gobbel, 1968) . Lichter and Gwynne (1971) For reasons of safety, all patients were treated initially by intercostal tube drainage. Thereafter the differing aetiology suggested the need for separate management plans for spontaneous pneumothorax occurring in young fit patients with very localized lung disease, and for the group of patients, generally of an older age group, with manifest, more widespread or serious lung disease. In group A patients definitive surgery was advised when the recurrence risk was deemed to be high. The localized nature of the disease process in this group of patients allows of a relatively limited operative procedure, which removes all the diseased area, so precluding the possibility of recurrence, and moreover avoids interference with normal lung.
In A series of patients has been treated on these principles; the protocol is outlined below.
PATIENTS STUDIED AND METHODS
Ninety-six patients with spontaneous pneumothorax admitted to the Thoracic Surgical Unit during the period of 1961-68 and treated according to the protocol described below have been followed for from five to 12 years. On admission all patients were treated by tube thoracostomy with the exception of three who had a minimal pneumothorax.
In the group of young fit subjects (group A) the air leak had usually ceased within 24 hours. At this time, or 24 hours after cessation of air leak, a chest film was taken to ensure that lung expansion was complete, after which the intercostal drainage tube was removed. Twenty-four hours later a check film was taken to ensure that lung expansion had been maintained and the patient was discharged from hospital. Tube management was abandoned if the leak persisted for more than 48 hours despite adequate tube drainage, and arrangements were made for early operation. Early surgery was also undertaken if there was a history of previous episodes of spontaneous pneumothorax.
At operation the small diseased area at the apex of the lung was removed by wedge resection (Lichter and Gwynne, 1971) . The remainder of the lung was invariably healthy, and pleurodesis or pleurectomy was not employed.
In the group of older patients with extensive underlying lung disease (group B), a trial period of tube drainage was usually employed and this was continued for up to 14 days. If this failed, thoracotomy with excision of bullae was undertaken in those considered fit for such a procedure; the remainder were treated by chemical pleurodesis using kaolin powder inserted via an intercostal cannula. An early decision regarding excision of bullae was taken when there was a history of recurrence or when a gross air leak or failing respiratory function indicated the need for rapid lung re-expansion.
At operation all surface pleural blebs, bullae or cysts were excised, bronchial fistulae were closed, and leaks were oversewn. Because it was not possible to ensure that all diseased areas were adequately dealt with, pleurodesis was sometimes used. Pleural abrasion with a dry swab produced an effective result without the pain and excessive pleural effusion associated with pleurodesis by chemical irritants.
Where bilateral spontaneous pneumothorax occurred, each side was treated on its own merits according to the above plan.
RESULTS
Of 154 patients treated in the Thoracic Surgical Unit between 1961 and 1968, 96 patients were managed according to the foregoing protocol and were available for follow-up five to 12 years after entry into the series. A number of elderly patients had died of chronic obstructive respiratory disease, some from other illnesses, and a few were lost to follow-up. The distribution of patients by group is shown in Talble I. There were no significant complications, no operative deaths, and no recurrences following excision of bullae. Of the two failures of pleurodesis one was later treated by excision of bullae and the other by resection of a tuberculous lobe. Intercostal tube drainage is advocated for early management. In our series of group A patients, tube drainage revealed that the air leak was frequently sealed within hours of the onset of symptoms, and the patient was usually discharged from hospital within 48 hours. Tube drainage provides immediate safety, and in many patients no further treatment is required. Unrelieved, a continuing air leak may embarrass breathing or endanger life by the development of a tension pneumothorax. When respiratory reserve is already grossly impaired, as in advanced chronic bronchitis and emphysema, respiratory failure may occur very early after pneumothorax. Rapid and complete lung re-expansion is therefore mandatory if these patients are to be saved. A plan is also required on which to base continuing treatment so as to reduce the duration and frequency of hospitalization and to abolish the sense of insecurity thereby engendered in the patient. Fortunately a good indication as to the prognosis can usually be obtained within 48 hours of the beginning of treatment. During this time the majority of patients will have completed their definitive treatment, and for the remainder a clear plan of management can be defined. Such a regime is possible because the course of the pneumothorax reflects the nature and potential for recurrence of the underlying lung disease. The severity of the basic pathological process declares itself; recurrence or persistent air leak indicate an extensive lesion such as multiple thinwalled cysts or large tears in cysts and the consequent need for more radical measures. This concept can be used as a guide to management so as to minimize failure of treatment.
In young subjects with no serious underlying lung disease apart from apical bullous cysts (group A patients) wedge resection was performed if adequate intercostal tube management had not resulted in closure of the lung leak within 48 hours, and in those patients with a history of previous pneumothoraces. This was deemed especially important where pneumothoraces had occurred on both sides, treatment being directed at making safe at least the side currently affected.
The findings at operation have been remarkably constant (Lichter and Gwynne, 1971) . At the apex of the lung there is a small area of fibrosis surmounted by a cyst, or group of cysts, usually varying in size and measuring from 1-2 mm to 1 cm or more in diameter. A pin-hole opening at the summit of the cyst may sometimes be observed, but frequently such an opening is not visible and has presumably already sealed over. Occasionally the diseased area appears macroscopically as an area of fibrosis with an irregular crumpled pleural surface, not exhibiting obvious blebs. One or other of the lesions described has always been found at thoracotomy; the lesion measures 2-3 cm X 1-2 cm and the remainder of the lung is entirely normal. The diseased area is recognized on inspection but its limits are determined by palpation, when the underlying fibrotic area can readily be detected in comparison with the subjacent normal lung. Histologically the changes in the diseased area are nonspecific but suggest postinflammatory fibrosis and cyst formation. The excised portion of lung shows focal and compensatory emphysema, atelectasis, fibrosis, chronic inflammation, pigment deposition in macrophages, alveolar cell proliferation, intrabronchial and peribronchial lesions, and vascular changes (endarteritis obliterans). On histological grounds alone .the changes are best explained on the basis of postinflammatory disorganization, the inflammation being most likely due to nonspecific infection. The curious localization of the lesions, and the occurrence predominantly in young men, are obscure features which suggest some local inherent predisposition.
Pleurodesis and pleurectomy, which are designed to obliterate the whole pleural space, are condemned for group A patients. The discomfort and morbidity are usually greater than in patients undergoing thoracotomy and wedge resection, in whom convalescence is smooth and uneventful. The results of pleurodesis are uncertain, and there is at least a possibility that pulmonary function may be interfered with. In the event of the need for thoracotomy for some other condition at a later date, obliteration of the pleural space may well add to the hazards of the procedure. Wedge resection is preferred to pleurodesis and pleurec- Results have confirmed that the plan of management outlined gives a high initial success rate and reduces the frequency of readmission for recurrence of pneumothorax. Reported recurrence rates in other series vary from 5 % to 60% (Killen and Gobbel, 1968) . The authors point out that the discrepancies in recurrence rate depend on (a) the length of the follow-up period; (b) the fact that some series include suspected episodes and others only those radiologically demonstrated; (c) the inclusion or otherwise of contralateral recurrences;
(d) whether or not the series includes previous episodes that occurred before the patient was first treated by the reporting observer; the first episode observed by the investigator is sometimes designated the 'initial' episode when such an episode may in fact have been a recurrence; (e) the type of treatment used for the initial episode. A further cause of confusion is that frequently no distinction is made between group A and group B patients with their widely differing underlying pathologies.
In our series the value of intercostal tube drainage as initial management was demonstrated in group A patients as (a) a safe measure (100% success); (b) a form of treatment which in itself was successful in 77% of patients; (c) an indicator when more radical measures were needed-in 15% of patients treated by intercostal tube drainage who continued to leak air for more than 48 hours. In group B patients, intercostal tube drainage alone was successful in 52-5% of patients.
Managed in the manner recommended, 95 % of group A patients and 87% of group B patients were either cured by tube drainage alone or treated definitively and lastingly during their first admission to hospital. The chance of recurrence in patients so treated is therefore small enough to justify reliance upon this method. Exceptions may be made in patients at special risk, such as airmen and sailors.
Operation is performed only in selected patients; the use of pleurodesis or pleurectomy is unwarranted in group A patients. The long-term follow-up indicates that where success has been achieved within the first year of initial management along the lines described, further recurrences are rare.
